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typesto %er%?ctoin%%lctc;rﬂ?a%gd ir-gxgegers, including CCDs, photodiode arrays, charge
injecfion devices (CIDs), hybrid focal plane arrays, and CMOS imagers. Current
applications of solid-state imagers include cameras, scanners, machine vision
systems, vehicle navigation systems, video telephones, computer input devices,
surveillance systems, auto focus systems, star trackers, motion detector systems,

image stabilization systems and other image based systems.

[0003]  These imagers typically consist of an array of pixel cells containing
photosensors, where each pixel cell produces a signal corresponding to the intensity
of light impinging on that element when an image is focused on the array. These
signals may then be used, for example, to display a corresponding image on a
monitor or otherwise used to provide information about the optical image. The
photosensors are typically photogates, phototransistors, photoconductors or

photodiodes, where the conductivity of the photosensor or the charge stored in a



phot osensors are typically photogates,
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[0006] A CMOS imager circuit includes a focal plane array of pixel cells,
each one of the cells including a photoconversion device, for example, a photogate,
photoconductor, phototransistor, or a photodiode for accumulating photo-generated
charge in a portion of the substrate. A readout circuit is connected to each pixel cell
and includes at least an output transistor, which receives photogenerated charges
from a doped diffusion region and produces an output signal which is periodically
read out through a pixel access transistor. The imager may optionally include a
transistor for transferring charge from the photoconversion device to the diffusion
region or the diffusion region may be directly connected to or be part of the

photoconversion device. A transistor is also typically provided for resetting the



transi stor for transferring charge fromthe
phot oconversi on device to the diffusion region or the
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radius of each micro-lens is correlated to the size of the pixel cell. Thus, as the pixel

cells decrease in size, the radius of each micro-lens also decreases.

[0009]  The micro-lenses refract incident radiation to the photosensor
region, thereby increasing the amount of light reaching the photosensor. Other uses
of micro-lens arrays include intensifying illuminating light on the pixel cells of a non-
luminescent display device such as a liquid crystal display device to increase the
brightness of the display, display associated with a camera, forming an image to be
printed in a liquid crystal or light emitting diode printer, and as focusing means for

coupling a luminescent device or a receptive device to an optical fiber.
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ref erence signal, usually e dark reference signal is

very $Raltin glie Spédtﬂl‘fl“@vg Bricagsedf B2 saialbiutdek opdxel pixel used to
smal | change in signals fromdark pixels can create
calculbty he refagecessigndlaadumlly the Hatk réfefercesignal $s celdeatenl from
FIG 1, which schematically illustrates a solid state
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of accumul ation of reflected IR radiation in the dark
createplaxgd isnagrhartifaniger 10 incl udes active pixels 12 and
dark pixels 11. IR radiation 101 is focused through a

PUBiET ) oRefoenprizansas b bl wiac seispralyliRaates a solid
st e 8 e 1S BT SR A o
reflected IR radiation in the dark pixels. The imager 10 includes active pixels 12 and
dark pixels 11. IR radiation 101 is focused through a mirco-lens 13 to the active pixel
12. Some of the radiation 101 passes through the substrate 18 and is reflected from
the backside of the substrate 18 as reflected radiation 103 and accumulates in the
dark pixel 11. As noted above, the absorption of reflected IR radiation by dark pixels
11 can create image artifacts in the modern image devices, despite the fact that the

absorption itself is very small in this spectral range.

[0012]  The problem of reflected IR radiation in the 800 nm to 1150 nm
range is increased for thinner background wafers due to the smaller total optical path

of IR radiation hitting dark pixels. Thus, more IR radiation with shorter wavelengths



dark pixel 11. As noted above, the absorption of
reflected IR radiation by dark pixels 11 can create
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%d,i nment of the invention, the IR radiation is
imagers.

and

[0015]  The present invention provides a method for reducing image
artifacts in a solid state imager having a pixel cell array, wherein the image artifacts
are reduced by significantly reducing or redirecting IR radiation penetrating into the
imager substrate. In one embodiment of the invention, the IR radiation is
significantly reduced or redirected by applying an antireflective coating and/or an

absorption layer to the backside of the imager substrate.

[0016]  In another embodiment of the invention, the IR radiation is
significantly reduced or redirected by modifying the backside surface of the imager

substrate.

[0017]  In another embodiment of the invention, the IR radiation is

significantly reduced or redirected by modifying the spacing of the active pixels and
‘ 5



significantly reduced or redirected by applying an
antireflective coating and/or an absorption |ayer to
wo b@7bsoksi de of the imager substrate. [0016] PEI/US2006/029299
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[0019] FIG 1 is a side cross-sectional view
i |l ustrati ng pRIgM HASCRATBONBITHEDRASVAYGEr art.
[0020] FIG 2 is a side cross-sectional view
illustrating the principal elements of a solid-state
EOIHQ havi3)d igA sy drb@‘—ée@ﬁbh&d&zkﬁﬁﬂﬁsﬁﬁﬁn%\la solid-state imager
sorption layer on the backside of the substrate in
ofthespﬁ@lrﬁﬁmce with an exenpl ary enbodi nent of the present
invention. [0021] FIG 3 is a side cross-sectional
view illustrating the principal elenments of a
sf002a} st dil&. Rimasidehavssepcionabdewidilistrating ¢he prinhipal
backsi de of the substrate in accordance with an )
elem@t@mba aoljd-stese itnager haying e aptieflastive dajantandran glgmzption
4 is a side cross-sectional view illustrating the
layer pnuthe ppelrside ehthasibetrate isareerdanee withhamexemplath gmhpdiment

abraded backside of the substrate in
of the present mmvention.

[0021]  FIG. 3 is a side cross-sectional view illustrating the principal
elements of a solid-state imager having an absorption layer n the backside of the

substrate in accordance with an exemplary embodiment of the present invention.

[0022]  FIG. 4is a side cross-sectional view illustrating the principal
elements of a solid-state imager having an abraded backside of the substrate in

accordance with an exemplary embodiment of the present invention.

[0023]  FIG. 5A is an image taken with an imaging device having a
polished backside surface according to the prior art. FIG 5B is an image taken with
an imaging device having a roughened backside surface according to the present

invention.



accordance with an exenpl ary enbodi nent of the present
invention. [0023] FIG 5A is an inage taken with an

w0 pagior7zievi ce having a pol i shed backsi de surPEDES2006/029299
according to the prior art. FIG5B is an inage taken
with an inmagi ng device having a roughened backsi de. .

SHCAES THEE e o RS R, HhcP
ctemdgt B Bk S RO e Y S B S B RN B
accor g iR SepRay Snied petd ek BTERNT heaibh ™

il ustrﬁti ng the pri ?ci pal IeI enments of a soli d-statie .

L{@%SL n HGe AR et Rond R A tea M GGkt

' . . _ 5 ' . .
st AU AP Pl P P e
pixel fEacsob Aty in o el i AL e o e PGS BR ivemtion,

invention. [0027] FIG 9 is a representative diagram
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exem?far}r@ﬁllﬁfcﬁﬁt@ﬁf of thegitbs@rin{ @R FIG 11 illustrates
he” sem conductor wafer of FIG 10 at a stage of

processi ng subsequent to that shown in FIG 10. [0030]
FHO0B271L2 iHIGuSts atqmesdrgatieeilmgnainct dhe WM@P imfaget Bixel Gell of
at a stage of processing subsequent to that shown in

FIG.&1G 11. [003 1] FIG 13 illustrates the sem conductor
wafer of FIG 10 at a stage of

[0028]  FIG. 10 illustrates a cross-sectional view of a semiconductor wafer
undergoing the process of forming an imager device according to an exemplary

embodiment of the present invention.

[0029]  FIG. 11 illustrates the semiconductor wafer of FIG. 10 at a stage of

processing subsequent to that shown in FIG. 10.

[0030]  FIG. 12 illustrates the semiconductor wafer of FIG. 10 at a stage of

processing subsequent to that shown in FIG. 11.

[0031]  FIG. 13 illustrates the semiconductor wafer of FIG. 10 at a stage of

processing subsequent to that shown in FIG. 12.

[0032]  FIG. 14 illustrates the semiconductor wafer of FIG. 10 at a stage of

processing subsequent to that shown in FIG. 13.



processi ng subsequent to that shown in FIG 12. [0032]
FIG 14 illustrates the sem conductor wafer of FIG 10
WwW@eooa/ostaye of processing subsequent to that sPOIIS1006/029299
FIG 13.[0033] FIG 15 illustrates the sem conductor
wafer of FIG 10 at a stage of processing subsequent
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exenpl ary enbodi nent of the present invention.
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embotin®¥t shthkhgvémti®@nt i on may be practiced. These
enbodi nents are described in sufficient detail to

enabl e those skilled in the art to practice the
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enbodi nents may be utilized, and that structural,
embodbyéentadf, thamaventéwt.ri cal changes may be nade wit hout

departing from

[0037]  FIG. 19is an illustration of an imaging system having an imager
with reduced image artifacts according to an exemplary embodiment of the present

invention.
DETAILED DESCRIPTION OF THE INVENTION

[0038]  In the following detailed description, reference is made to the
accompanying drawings, which form a part hereof and show by way of illustration
specific embodiments in which the invention may be practiced. These embodiments
are described in sufficient detail to enable those skilled in the art to practice the
invention, and it is to be understood that other embodiments may be utilized, and
that structural, logical, and electrical changes may be made without departing from
the spirit and scope of the present invention. The progression of processing steps
described is exemplary of embodiments of the invention; however, the sequence of
steps is not limited to that set forth herein and may be changed as is known in the

art, with the exception of steps necessarily occurring in a certain order.
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the spirit and scope of the present invention. The

progressi on of processing steps described is exenplary
w@booeniods nents of the invention; however, thePGEUSM®NEE29299

of steps is not limted to that set forth herein and

may be changed as is known in the art, with the

O Pl el S S5
includfig # no%ﬁl%ﬁgﬁf?%irﬂs‘.fﬁ%gar% or P pRhR QR technology,
oo B B, S S T e
oA A B A Wl o
referen‘ﬁ@ iSmadBd o “SYRRET & s iilbifRE” Fr b t' o

ave ?&' é%&F qqaﬂn

V ous DTOCGSS steps nay een

prevﬂsntﬁ? gcgl%?gétg?é‘ ?&{}) lgé;‘t?el Ii))é}lmtl]'ﬂ% agﬁﬁ tfﬁﬁﬂ]rﬁgﬁ)% St finctions in the
base s%?x’i‘i‘cﬁﬁ&@é’c@% SrubRRE of Pouratir. TAAARAGE dhe F?&l&ﬂ{&&t&%eed

based on silicon- germant um germani um ga
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arsenﬁieeﬁﬁﬂﬂidﬂ@éim@(ﬁ{duc@@ﬂhatéﬂdlg a phot o- conversi on device
for converting el ectromagnetic radiation to an

el ectrical signal. Typically, the fabrication of all

pi00dD] celThe termdfpixettige “pidwsd oell effdrs po agriettire element unit cell

concurrently in a simlar fashion. [0041] Finally,
contaighing e pthméownneeutslmndexscejﬁ:rmonbenhn@ ¢lhctredagneiierddiation to an

CMCS i er, it should be appreciated that the
electn,cgl,@gna]@ Yrigallye tag fibrisdtipn o all pikecelleirean inage sarsor will

m cro-optical device that requires high quality
proceﬁﬁié%curé%fé%wf%ﬁuwuﬁwlzl@a performance. O her suitable

m cro-optical devices include CCDs and di spl ays.

cJOER T3l e ven)ion el eRbo-LHAT fatrsnap to a CMOS
imagddh ShEFbd SpPRY TRtk IS hrFenBon Wk F e SSBEIRL S Wicro-
electronic or micro-optical device that requires high quality micro-lenses for |
optimized performance. Other suitable micro-optical devices include CCDs and

displays.

[0042]  Referring now to the drawings, where like elements are designated
by like reference numerals. Reference is now made to FIG. 2, which schematically
shows a solid-state imager 20 according to a first embodiment of the present
invention. The imager 20 comprises a color filter layer 100 and a spacer layer 25
formed over a pixel cell array 26 as part of the same substrate 30, which may be any
of the types of substrate described above. A micro-lens array 70 is formed over the
color filter layer 100 and spacer layer 25. The pixel cell array 26 comprises a

plurality of pixel sensor cells 28 formed in and over a first surface of the substrate 30,
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shows a solid-state inmager 20 according to a first
enbodi nent of the present invention. The imager 20
w@eoempoi®es a color filter [ayer 100 and a sSpacRCT/Usz0e6/029299
25 formed over a pixel cell array 26 as part of the
same substrate 30, which may be any of the types of
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e difference i ex of refraction between
the dFfdreR@InSHASK bRt FrafidniDeewab tHOdili@RPMIbskRAYEhd YRESH (or
the die, the imger 20 further conprises an
epoxy Myler) @hd@cthi dee, ltAy @hagéh J00fuieér @ompries an dnsiuieflactvdyer
of the substrate 30. As set forth bélow, the
80 foraned vafd second sutfaye3d?2 8theanbbieate@0Med det éorth bglow, the anti-
suitable material as understood by those having
reflectiveilaygaryB0steinlbe formet éramtany Anitabkanpteriahas aydersddd by those
formed on the antireflective |ayer 80. The absorption
havingzgrdingy skill irbdhefast.nda absorptiorslayends is farmed joal the ati-
absorbs TR radiation at the wavel ength _of between )
reflechiyg lay g §0- tlheabsorptiorsoyans2 ey ke fprmed »f ghywiteblermaterial

nti-reflectjve | ayer 80 and absorption | ayer 82,
that 5 Or‘sl}séfﬂ raﬁﬁél_oar?aéﬁé Py O?E%t_%r@ma@@u& &80 frrabout 1150 nm.
Whﬂe]:c ?RE.IZCS%O%\QS ‘r‘;’\(n)thhanoar}ll -réfre%ti%g ?é’;ﬁe%b %Rdl a%yzﬁ)rsogpzﬁon layer 82, it

should be understood that the device can be fabricated with only the absorption

D

layer 82.

[0044]  The problem of reflected IR radiation is increased when the
thickness of the substrate 30 is reduced. For example, the quantity of photons with
wavelength of 1000 nm reaching dark pixels due to the reflection from backside of
the wafer in a 670 um thick substrate, results in the accumulation of 3 electrons in
the dark pixels from an original expose of the imager 20 to 100,000 photons. This
accumulation will result in a change of 1 Lowest Significant Beat (LSB) in the dark

signal. In comparison, for a 100 um thick substrate 30 the quantity of photons
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[0044] The problemof reflected IRradiation is
i ncreased when the thickness of the substrate 30 is

w0 ewaoe®73 For exanpl e, the quantity of phot onsP@I/Uk2006/029299
wavel engt h of 1000 nm reachi ng dark pixels due to the
refl ection from backside of the wafer in a 670 nm
thick substrate, results in the accunul ation of 3

reflectisigeand veaching theedarkpixeli |n%é1egse|s rt@ mete than 47 aleceBdse

of the imager 20 to 10 g ons Th|s gﬁ‘ﬁij t| on
accumyating stherdarl W@ﬁ% irydqu Shgnge 9

(LSB) in the dark signal. In corrparl son for a 100 rrm

thick substrate 3 the it ns effe

aPetileac Ar\ygaqqqgefgag?l}(e %ﬂ ﬁ% pexs enlg}age{ %Qn ﬂ? Fnti-

reflectyy; 2 elggréllp g@ﬁ&ﬁaﬁgﬁé | A @49 ekg Mggdﬁlée%qie:nalsuhtelcggn of
st i SR BB S S SRR e
oLl &%@?ﬁq%ﬁoﬁa' EhREASke b5 3o cRL) P08 L 7
Eram ﬂwabz I P TS T
antu‘effé%1 th%% %egﬁlagé{)l%{ezln(?@ ﬁheé% %?ﬁfq%@%h o eild &%sltf/a?e 30.

e varl [1Tve coating

e P S TR, ST okioe-

reflectfv@btgﬁr 8% 0B oﬁf&ﬂ@tﬁeﬁéetﬁreﬁ:‘éﬂaﬁﬁg& il ‘Fir]]b&&ﬂ)t 8thp¥i8e silicon

osited antireflectiVe coatings w l

and mfﬁbgeﬁaéﬁd ca&@ IF8F irarith)| BCQImBHSed bt §i066H) ni@bgerCad obbbnally,
tance, be conprised of silicon, nltrogen and

hydrog@t. ARy carhyleiragtvely BAR@‘mse&ﬂmht exygdn, uad yn somprdases,
Silicon, oxygen, and |n sone cases, hydrogen. O her
hydro?«m t ather smitable atatefials féofomingg threantivréflaceifve dagyteir B0 include a
ayer 80 include a | ayered structure of titanium
layeredistnuictiereanf ditamivm nitnidle sndralaminury sedheas 4 ayekedolfayer of
TINA/Ti N Another suitable material for th
TiN/AKRIN. Aotatber switablegstersd fonthemsreflecive fyer Bﬂ indtndesTiO:.

of the anti-reflective |ayer 80 should be | enough
The thigkngss ebthgraai-teflective layer %ﬁh@)‘# diheclarge Wﬂg&@ asdRingclude

refleCtIOrI]‘{ &“ t%g Ii{ ostgr?ss ‘t:(grg}neg t%gougplrrl ¢ subs Qa{l’te é(y el’re?eralgly, the anti-

reﬂecuve layer 80 has a thickness from about 0.1 um to about 5 pm, preferably from

about 0.1 um to about 2.5 um, most preferably from about 0.1 um to about 0.5 pm.
Examples of anti-reflective materials which can be used are disclosed, in U.S. Pat.
Nos. 6,887,648; 6,444,588; 6,713,404; 6,869,747; 6,767,689; 6,753,584; and 6,614,085, the
disclosure of each of which are incorporated herein by reference. While the anti-
reflective layer 80 is illustrated as a single layer, it should be understood that the
anti-reflective layer can be formed from a plurality of layers that may be formed of

the same or different materials.
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reflective |ayer 80 has a thickness fromabout 0.1 mm

to about 5 mm preferably fromabout 0.1 mmto about
wQ@2@®70mo73ost preferably from about 0.1 nmto BODUS2006/629299

mm Exanples of anti-reflective materials which can be

used are disclosed, in U S. Pat. Nos. 6,887, 648;

S ST b P e
ayer B REBSIHoRTayet Ehabaiot L SHASS e ket ey grom
about s BB e AR b e B2 P S o B o

f oped, of .t he or differ.ent riaks. 1004 An
many (iERSt areiSls dREattorh b S5diaRba ARk [yt B2 ol be

ni-er?iflqctif]gela erg A?ISE\; i.onlayer bsorg,ﬁh
formefpfor dxBimiterd iaserm%“A%we@%e)-a st Bpef r%%}af g e
oo oy B0 B3 M T g o
the abg&rjn%ﬁ{ef,%&gf 82 sl'ﬁ?&lﬁlrlﬂat fa?%é%@{ﬁlg s%zas”l%yacﬁ%ﬁ]ég 2f TR gﬁétons

ger mani um wever, r materi

cornirgr t%gbﬂ‘%\ %ﬂa %?’%?{% F?’ng&é{;ﬁgl}? %leég%sesgﬁgﬁ rl%‘jﬁ% gonesUdBickness
from ARARTES Rl S Ao BAUALAPFOR A0SO GER 1, mos

the IR ons com ng through the substrate

preferdBly 681 SARYuni toealRRE 8N ihi Whil@derabidrp@sn Byer 82 is

t hi‘ckness from about 0.5 mmto about 8 mm préferably

illustrhfediaabsitilellatre, iOsta0d be Griderstood thatrthé absdptiohrlayer 82 can
about 2 mmto about 5 mMm While the absorption | ayer

be forfiixd foirl 4 pRiralityedf lagers siduglag bedgmmed ibly thbcaine drelifferent
understood that the absorption |ayer 82 can be forned

materfalom a plurality of layers and may be forned by the
same or different materials. [0047] Reference is now
made to FIG 3 which schematically illustrates a

Si98bHd eRstrrpnemis nstw mradeste g 3 vehieh sphegaaticadlygilustsetes a
SE SNOENE R G
illustrated Fig. 3 embodiment comprises a micro-lens array 70 formed over a color
filter layer 100 and spacer layer 25, which are formed over a pixel cell array 26
formed in and/or over a first surface of substrate 30, which may be any of the types
of substrate described above. The imager 20 further comprises an absorption layer
84 formed on a second surface 32 of the substrate 30. The absorption layer 84 may
be formed of any suitable material which absorbs IR radiation at the wavelength of
between about 800 to about 1150 nm. Preferably the absorption layer 84 is formed
from Ge, SiGe, SiC, or the like. Most preferably, the absorption layer 84 is formed
from germanium, as germanium for these purposes can be deposited on the surface
of the substrate 30 using standard vacuum deposition techniques. While the

absorption layer 84 is illustrated as a single layer, it should be understood that the
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filter layer 100 and spacer |ayer 25, which are forned
over a pixel cell array 26 fornmed in and/or over a
wo p00g1903 f ace of substrate 30, which nay be aPgT/U820061€29299
types of substrate descri bed above. The inager 20
further conprises an absorption |ayer 84 fornmed on a
second surface 32 of the substrate 30. The absoyption
absorptign layss Sdpniie tornad frasn aguyrality of laversand may boforaped by
absorhs IR radjation at the wavel ength of between
the sagp o difsgentgng 5.1150 ran. Preferably the absorption
layer 84 is fornmed fromGe, SiGe, SIC, or the like.

Bl et PP i B B S e s
D e T e e
bete RGP Ao ot R SRS helRo R o Pe, 2"
substeBR) B rp BTy <rif oS oes § Pe W e B R AR o flgcted
tight fiYkrEle gith T [BRE (6 &) SRASH SRPAG TR {GnaRTGE P11 7
packalfbHRbAlc!dbelph, TRHALp(Riihe B Ansoppiib] ek 8 LN Beiorld™©
surfac%@g%frtﬁé SHBRBALBD) 01k Eélié%léditﬁat' @%freiﬁlﬁfblé %fggflgﬁ{ ﬁg 10

reduces the anount of reflected ght

accuntuldRE dHakg@fori MRPSIMAREINRIBR trabawil Bot &xXaRed Ua'le With a
package/ nodul e design. By depositing the absorption

corresb@ytdm%éha@fgetdf@aﬁle cipnel] sthbEOrSthadf 131158 &Qﬁ?&és@gﬁir@O,
It is believed that the resulting quantity o
accunmul ated charge for a 100-umthick substrate wl|
n604¥x c e Betfetdnee iginolv maclertoddGoddivhirhclehematiodllyAhistrates a
signal of not nore than 13LSB at hi ghest gain. [0049]
third @eg@dien@é dfshe eolidratide imagerQ0 of thetpiresens ieemdione dlhey
. illustrates a third enbodi nent of the solid-state
illustrated epbodimsmticpmpsises animeging devige haviagia migrorlgnsarray 70
forme %gf,%g I::lrcg% fﬁgqr;'%}l’grg%o%%dl srlr%%(lernl%ygf B_/SI, %f?m@ﬁ\é'ré‘ ?or?ned over a
pixel cell array 26 formed in and/or over a first surface of substrate 30. The imager

20 further comprises a roughened second substrate surface 85.

[0050]  Roughening of the second substrate surface 85 in the perpendicular
direction with respect to the second surface 32 provides the scattering of IR radiation
instead of direct reflection to the dark pixels. Thus, the quantity of photons 101
hitting dark pixels can be reduced by scattering the photons 104 away from the dark
pixels. FIG. 5 illustrates experimental results showing reducing of image artifacts
from bright halogen lamp (row banding) with a roughened second surface 85 of the
substrate 30. FIG. 5A is an image taken with an imaging device having a polished
backside surface. FIG 5B is an image taken with an imaging device having a

roughened backside surface according to the present invention.
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formed over a color filter layer 100 and spacer | ayer
25, which are forned over a pixel cell array 26 forned
WO pooantioos over a first surface of substrate 3BCT/Uk®06/029299

i mager 20 further conprises a roughened second
substrate surface 85. [0050] Roughening of the second
SLfbstrate surface 85 in the perpendicular direction
wilPPp Il e s pEhe reughanedsecadiswiirqetbamay berforneddn thesubstrate
scattering of IR radiation jnstead of direct

30 by lgigwnmehogs seehag prewmRlescherpigal mepkanjcalmalishings

hotons 101 hitting dark, pixel]s can be reduced by
techrigugs, dp Ay Piteé chesi gnefbam&aia@lamramtme(m pipsess she
FIG 5.illustrates e rinental results showing
substreig seFfage dhatiin ReRElhed fxPlocedinipicgniackavifye Roteting
. {row b ing) wth.a roughened.second surface 85 of
polishirg haihd HERG o PO BaRORS o Ay Toikeh Wilern Qewnward
i. magi. ng. devi ce in ol i,shed.backsi de surf,ace. FlLG
force PRI G aeinat I A trdte A PR Cravoe s Angligd fo the
. ne acksd de surface accqrdi tao the.present
inter S BIERER PEGETERRE] SEEHENEH Ll nr e e Poieg The
. . 0 W t hods sugh, .
potisR B PSR O A B g
. T . hen oal '
comgk B! BAES p S Bl S LR RSB, i ot o
botht : : . . . _ . .
o A% pORLHAL ROl el Shaserty Bhoyeante st boitenty
hfieud@dy badtRE apBHcMYr & the HRTEMEY id in pri
o COmai nt ai }rf1ed agai %gt C%Mr?e (gubg rate. g%c{x)lgf]ﬁ?“sztﬁdi)ﬁganbegm prior to
or afteotieqsdlishiiy pad apiplouglit irtolcbRtdchhWaf BeGubetURER e being
pol i shing pad and the substrate surface being
polistpml.i shed. The pol i shing conposition can be applied to
the interface by applying the polishing conposition to
the polishing pad surface, to the substrate surface
bEI03g] pol Thsheelishing pordess Mirtherakiwinenan elrasba mateniat tmassist
) be applied to the interface either intermttently or
in remRQYVINE A RSN ofithe snlsteip sufacs rfosm thesopgherdd sagond surface
onposition can begin prior to or, after the polishing
84. Tﬁ%g&@“ﬁr@%%@ IneRigozuht dtto the PRIERBERASLTIC 2 Blishitzpads
disclo%gcli 2 U.S. Pat. No. 6,121,143, which is incorporated herein by reference, it

may be incorporated into the polishing composition, or both. Ingredients in the
polishing composition or slurry initiate the polishing process by chemically reacting
with the material on the surface of the substrate that is being polished. The
polishing process is facilitated by the movement of the pad relative to the substrate
as the chemically reactive polishing composition or slurry is provided to the
substrate/pad interface. Polishing is continued in this manner until the desired

roughness of the roughened second surface 85 is achieved.

[0053]  The movement of the polishing pad in relationship to the substrate

can vary depending upon the desired polishing end results for the roughened
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pol i shed. [0052] The polishing process further
requi res an abrasive material to assist in renpbving a
w@enrim7df the substrate surface to formthe POUyR®NE29299
second surface 84. The abrasive nmay be incorporated
into the polishing pad such as polishing pads
disclosed in U S Pat. No. 6,121,143, which is
secongsesfage Pt Stene tha polishing pad éﬁé@‘,ratptls rbptagewhile the surface of
i ncorporated_into the polishing nposj tion, or _both.
the subgtyptedheing polishedremaing stativgash n%g@?-'l%a}tﬁﬁbb rthe pkishing pad
initiate the polishing Bg cess by, chemcally reacting‘]E‘he

and thg sybstuate hengmolished cam e avigh respectipnane anther

Polisf;iﬁ& ?ﬁﬁqg%tgg%itffgér@r@ﬁ@ﬁ@%ip%%w%ggfﬁ@%ﬂw@%calhbe

ybstrate as the,chem cally reactive poljshin
moved SRAJLICHT BHIBILShEY CR PO IBNA Glbifal 6r £ ReteBignal rareerakthey
i nterface., .Pol.i shj i.S %ontjnued in this manner until
CmnnFW@”@é§PFan?%ﬂ@ﬂ%Eg§a%$:*ﬂ@'roughened second surface
85 is achieved. [0053] The novenent of the polishing

ookl BT obSpb U R BRI eE R AL cheis o
ract ¥ EYEPRISEB LG, SPUIARPR pEERETIRS. APl
pols SRS HAL1A 1 DE BRCRIAHRBRMP s, Dipending

on thd&@di&: FhbaBENGANCRAE Bxiﬁ@éﬁﬁﬁ\’é{g‘eﬂtsﬁ 8&HS Basks sePRctants,
anot her. The polishing substrates and in particul ar

compleltfh g8 entd) iaBeaddvdls afll otthdrauseRAV @Al Vess Bt PEligNE SlurFy an be
I i near” manner, they can nove in a orbital or a
tailorddtoapiovidd effedtiverpslishirpeyt haRubstysteilay ér(s) ildiesiaéd polisHing
the directions. [0054] The polishing conposition iIs
rates. fRarrthdratoed, the palishirgecovhpodition sayhiad selected tovprdwvidadontrolled
soften the surface of the material being polished. The
polishig sedectbfitipptd tieisugfacenposition or slurry is an
i nportant factor in the CVP step. Depending on the

choice of ingredients such as oxidizing agents, acids,
HA9eY s bixpmdlesRf CMP polishing compositions and slurries are

disclosed, in U.S. Pat. Nos. 6,068,787; 6,063,306; 6,033,596; 6,039,891; 6,015,506;

5,954,997; 5,993,686; 5,783,489; 5,244,523; 5,209,816; 5,340,370; 4,789,648; 5,391,258;
5,476,606; 5,527,423; 5,354,490; 5,157,876; 5,137,544; and 4,956,313, the specifications

of each of which are incorporated herein by reference.

[0056]  Reference is now made to FIG. 6, which schematically illustratesa
fourth embodiment of the solid-state imager 20 of the present invention. As set forth
above with reference to FIGS. 2-4, the illustrated embodiment comprises an imaging
device having a micro-lens array 70 formed over a color filter layer 100 and spacer
layer 25, which are formed over a pixel cell array 26 formed in and/or over a first
surface of substrate 30. The imager 20 further comprises at least one shaped grating

86 formed on a second surface of the substrate 30. FIG. 6 illustrates several shaped
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conpl exi ng agents, abrasives, and ot her useful

additives, the polishing slurry can be tailored to
w@e@vid®7effective polishing of the substrate PEHE8108§/029299

at desired polishing rates. Furthernore, the polishing

conposition may be selected to provide controlled

o A T A oo 8 R g s
surtaff F25F Biastigitnieclly e oo S8R50 68 fhe SruuicoR iR
phorie oo gs Tt 0By 38 g St S Bape
gt i B3R En e REBRSHY B8 BRulesbogl

Ref erence is now made to FIG 6, which schematically

| JOOSTA " 5P, et rau TS LR S8 dd By Ry eiBi By e
mec kAL SRS P LRy Sichon, 0% ol (bl pechanicl
POl A AN Q1 ! 4 GERIAor SPRIL Sl ey

provifelconfoliay g%ﬁsﬁiﬁg@_élécﬁf}it@é% Phe SYi€hcedsol dsTtdlfoPMIthe SRaddd
substrate 30. The imager 20 further conprises at | east

graﬁr(%?@&dt&h@ degfal ridle 86 réMidieite INrA1isL60BWaF HdraGhe dhrk pixels.
the substrate 30. FIG 6 illustrates several

The shinpgrb gopttiaigsi8Gar prefélubly hlipaed gt at angle (B @seond surface 32 of
preferably aligned at an angle b to a second surface

the sudBtmate $hetenbiteratgie Bas pléferabiyfred: gbaut Mge Bout #6 degrees,
t he anmount of IR photons accunulating in the dark
more pirsferablipfrarh ebenttto ahmiitSbidagreds; mwre prefeembdy fiywed about 35
gratings which are selected to reflect the photons
to abqiifed? dagspes: Hdwgathie photens 101 ted penetiatedhe pubstgatat30mglect
can be faqornmed b hem_cal ,or mechani cal nethods .
back %%cﬁn‘l"?}ﬁ B‘tql?égéﬂ%’l"@ cﬁ%‘ss%a?éﬁi SEX ARG & &slagg accumulation
chani.,cal pol.i shing as descri bed above. As di scussed
Ofph‘ﬁg%é?h?%%a‘%d?l éﬁi ng is selected to provide controlled
pol i shing selectiviti.es to the surface so as to form

t f(‘)%S §Pap?&ference is now made to FIG. 7, which schematically illustrates a
fifth embodiment of the solid-state imager 20 of the present invention. According to
the present invention, it has been found that providing a spacing X between active
pixel array 27 and dark pixels 29 in an imager 20 can reduce the amount of IR
radiatién that contacts the dark pixels 29. The space X between active pixel array 27
and dark pixels 29 is preferably covered by an absorption layer 83 and a non-
transparent layer 85. The absorption layer 83 may be formed, for example, Ge, SiGe,
- SiC, or the like. The thickness of the absorption layer 83 should be thick enough to
absorb the reflected radiation 103 and preferably has a thickness from about 0.5 um
to about 8 pm, preferably from about 1 um to about 6 um, most preferably from

about 2 pm to about 5 um. The non-transparent layer 85 may be any suitable non-
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gratings 86 at the desired angle to reflect the IR

radi ati on away fromthe dark pixels. The shaped
w@e@viong33 86 are preferably aligned at an angl BCHUSH0&029299

second surface 32 of the substrate 30 where the angle

b is preferably fromabout 10 to about 75 degrees,

transpabi ThrieFil LY VPR DRPRSGAHOrGS) teg it g0 LaR G B §frate, such

o o S e GRS B M R L2

53 ancl e S SR S A L Bl Bt

el TSt DAL el oo

protof SR e SR A0 P8 e

betweB RS Bl 2P S AR RO P 0 RSB Re by
The space Xbetween active pixel array 27 and dark

9..Th
the fo TWEI& 29 is preferably covered by an absorption |ayer
83 and a nontransparent |ayer 85. The absorption | ayer

y be formed¢_hampe e, G, SiG, SIC or the
Ig[l%ﬂ?] The thi ck(r?(ess of ?ﬁg&’absor ption | ayer 83 should

be thick enough to absorb the reflected radiation 103

quﬁoar ef arakl 1 B3Re thitkh&k 08 $ise alsh atibiitis thémaRiniom angle
about” 8 mm preferably fromabout 1 nmto about 6 nmm

of ray'TestheRefa@liAtdryinf themuBMtgate. 2 MM to about 5 mm  The
non-transparent |ayer 85 may be any suitable

nontransparent material to prevent penetration of
r[@d6Ht i oRef@dnienit movhmesleltotliGEe§-18uEHG a8 shdws anexppnded -
metal s such as tungsten, alumnumor the |ike. The,
view afithesplid state apegeBdisanssed abowet Tha pheal artay 26 shovgsin FIGS. 2-
prevent penetration of |ight and IR radi gt, ion_into the
4 and ébeamprises apbirabiyinixgrenagiells 23dormadin gre st the
subsequent reflection of |R phot ack to the, .
substrgl 30 adds sPeTeAy 2 REotagie IBTSicrd gt agi a5 BRI OPne
space X bet n the active.pi.xel array_27
planabigt and reiefiaion Lo FHe e enphat Ay 74 fhaf #htfude one or
more passivation layer and metallization layer. The passivation portion of the
protective layer 24 may be a layer of BPSG, PSG, BSG, silicon dioxide, silicon nitride,

polyimide, or other well-known light transmissive insulator.

[0062]  The color filter layer 100 is formed over the protective layer 24. The
color filter layer 100 comprises an array of red, blue and green sensitive elements,
which may be arranged in a pattern understood by the person having ordinary skill
in the art as exemplified by U.S. Patent Nos. 6,783,900 and 3,971,065, which are

herein incorporated by reference.

[0063]  Asshown in FIGS. 8-9, each pixel sensor cell contains a photosensor

34, which may be a photodiode, photogate, or the like. A photogate photosensor 34
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the followng: [0059] X= 2 D -tan(a) [0060] where Dis

the thickness of the wafer and a is the maxi num angl e
w@booraywofdr the IR radiation in the substrate. PED0SHP6/029299

Reference is now made to FIGS. 8-17. FIG 8 shows an

expanded view of the solid-state i mager di scussed

above. The pixel array, 26_shown in F

sl it o] o P Sl B st
when gadiagion \d m&ly%forguofi PRRtORE Passes caioééiﬁ@ir i%fqraﬁ?s and strikes
the pHasosRtizps B44he pRpL- ATl L lecBms A Erseisitd Ane SHPPd Fegion
36 undftiasbrront P, Hetetermnsbtar 1 fup el B & ull
photobgsaor Hhetitd Rasusnirs shd Sebinemiceihetf sl Rl i 2y,
cont 5B Py b X e B R 418 s ot
RS B S B R SR S Bt
transifiPELE B0 IMch 0 pRRICHRREP B OABelA itk o Borhlifised of
dopedPeiih b7 e BH LB R gy o Bk tope
operaf 3 e IORKAE ISl kugphAC e N Al 5 o

just pA8PLSi8Hal fRafbES Déafls of {HeABimatiof a8HF B 6f BRPABRE-
to the photogate 34 so that when radiation 101 in the

described Elehernts Of apfixdlasses cellifsy beé fdaid, feyetandple, 81J.S. Pat. Nos.
strikes the photosensor 34, the photo-generated
6,376,80&%aid 6/353,208, the ldéscksures dfewhivhedte iregirporadéd bpdeferédie
phot osensor 34. A transfer transistor 42 is | ocated
hereimext to the photosensor 34, and has source and drain
regions 36, 40 and a gate stack 43

[0064]  Asillustrated in FIG. 8, the gate stacks 43, 54 for the transfer 42 and
reset 50 transistors include a silicon dioxide or silicon nitride insulator 56 on the
substrate 30, which in this example is a p-type substrate, a conductive layer 58 of
doped polysﬂicon, tungsten, or other suitable material over the insulating layer 56,
and an insulating cap layer 60 of, for example, silicon dioxide, silicon nitride, or
ONO (oxide-nitride-oxide). A silicide layer 59 may be used between the polysilicon
layer 58 and the cap 60, if desired. Insulating sidewalls 62 are also formed on the
sides of the gate stacks 42, 54. These sidewalls 62 may be formed of, for example,
silicon dioxide, silicon nitride, or ONO. A field oxide layer 64 around the pixel
sensor cell 28 serves to isolate it from other pixel cells in the array. A second gate
oxide layer 57 may be grown on the silicon substrate 30 and the photogate semi-
transparent conductor 66 is patterned from this layer. In the case that the

photosensor is a photodiode, the second gate oxide layer 57 and the photogate semi-
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controlled by a transfer signal TX. The drain region
40 is also called a floating diffusion region, and it
w@amsesothar ge recei ved fromthe phot osensor 3BCT/0S2006/029299
out put transistors 44, 46 and then to readout
circuitry 48. A reset transistor 50 conprised of doped
regions 40, 52 and gate stack 54 is controlled by a |
transpagelatt cosidyetor GesTewmot sequipash Hursheranqrestansiae transigtor 4g is
di ffusion region 40 to a predeterpined initial voltage
optionalgin whichrease the diffusioneregimns. SopmdA( aregtonmgstetldogethebn
and function of the abovedescri bed el enents of a pixel
sensor cell may be found, for exanp in US. Pat,

l e, .
NB905T6, 31hedurigartevices 38 desnibedabayeswith satesancsito e n2-4
are incorporated by reference, heregin. 64] As,, )
and 617t Shaa B TRA Hrgugh, EW@%}&%@@C@%@ RS kﬁgzvv% anddflugtgated in
FIGS hbgnsfer 42 and reset 50 transistors include a silicon

Xt de or silicon nitride insulator 56 on the
substrate 30, which in this exanple is a p-type

S r at a_conduct i l.ayer f doped .pol ysilico
c0RGE on Rett e go Rau Rl S bl P05 DRl oy e PG the
i psul ati.ng.l ayer .56, and_an | ' ..
types o i o g B B 2By BBl PR 0 Akl 2B bR B AP gpeuits
i de-nirisde: oxi \SIbf , e
T T S B T
roted ' | B4 V856 SHEWR 1i80R RIS TR 11R8 i
P rOte‘lttﬁiee qg?%{@%ﬁﬁlﬁ(g, %%dt;’g%(?’gc %@4&2@)(%' gi_‘l'lhgs e&gll ggwal Igs '
formeﬁ?(fx!@%@ ﬁ,i)fe? ca® Qnﬁ? 26t0 a8t li€an$ td pFRAdE b PLatRized
silicon nitride, or ONO A field oxide |ayer "64 around
surfadehe pi xel sensor cell 28 serves to isolate it from
other pixel cells in the array. A second gate oxide
| ayer 57 may be grown on the silicon substrate 30 and
t o6 phot dgadler sittet tayendphisdotmed odurc thar piifedtire layer 24, as
patterned fromthis layer. In the case that the _
also sihdnehds #hSot 1.i Tha cploofitidi byer 18thmaydrdiodmgdtaf agsolateresist or
layer 57 and the photogate senitransparent conductor
acrylie aderalnghichds used ds a tight trensmitingmmatesipb rFerrexasmplegiolor
42 is optiognal, in which case the di ffijsi on r gifons %6 )
filter lapier U mpy bednraed of arlualing pf color filter layers, eachi of the plurality
of color filter layers consisting of red filter regions (not shown), green filter regions
(ot shown) and blue filter regions (not shown), which are formed, for example,
from resist or acrylic material of the respective color-filtering qualities. As such, red
sensitive resist material, blue sensitive resist material and green sensitive resist
material may be employed to form the red, blue and green sensitive elements of
each of the plurality of color filter layers that form color filter layer 100. These red,
blue and green elements may be formed in any pattern know to those skilled in the
art. Other embodiments may employ other colored materials, stch as paint or dye,
as known in the art. The color filter layer 100 may be formed over the protective

layer 24 by conventional deposition or spin-on methods, for example.
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[ 0065] The image devices 20 described above with
reference to FIGS. 2-4 and 6-7 are manufactured

wa boooighe7a process described as foll ows, and PCT/US2006/029299
illustrated in FIGS. 10-17. [0066] Referring now to
FIG 10, a substrate 30, which may be any of the types

of substrates described above, havin . xel cel]l
atQQop] 26, ﬁBﬁ?lﬂﬁiﬂéﬂr 25116 éQurped Oz@ﬁbsgp@rgﬂwmeﬂrﬂ&O, as

o bl e SEEASES ] BHE
lens bR [T dBT FRURP Ry S0 810t 2L AT eF i BEb g B de

a planarized surfa A cplor filter |

Alternaliye ¢opayr PS%@%@%EZ@%&P&M )il Pixpl3e ol g also
in FI 11. Th I fil I 100
evorolpgnibika e i G 5ol Rl
precld RS B o R AR AP e
{ 3
shoutfUL S B SaE B8R U el bl By ity
fabrit&Fhs Glshh&ed 5oh 2% V{#étt ﬁ@ﬁ@-l.&%ﬂﬂ byue filter
reglions (hot s own?‘,% °cR “are forne , for exanple,
fromresist or acrylic material of the respective

C o] il et T és&és%ve%eﬁ%ﬁcrjﬁm%:fér}ai{@e to a CMOS

resist material, "blue sensitive resist nmaterial and

imag & @&AcS $Huld Bei@RlesdtoBB tRAH Ak pFBdesh B S48 ¢isb@ with pixel
formthe red, blue and green sensitive €l enents of

cells sfastheptygel©f phigedsiasyvdl, fepbeimple] with 4 @ nigat form
color filter layer 100. These red, blue and green

Accoﬂiiﬂgﬁzﬂﬂﬁe piscg] dedl fopmeelchsi desarilyedalbdver mak evenhploybdse CCD
skilled in the art. OQther enbodi nents nay enpl oy ot her
image sdrooeslaswiel ris AIMOSsintdg eaenpaisn Therimdger dewicknofiieipresent

' the art. The color filter |ayer 100 may be fornmed over
inventipa mpepeabotheformedeas different sigsveegapirelimagpess far examyple

. spin-on net hods, for exanple.|0068] A spacing |layer 25
imagers hegingarrayein thea2pse of alwutt({elf n}e&%lrxeisof@, about 20 megapixels.

[0070]  An anti-reflective layer 80 is formed on the second surface 32 of the
substrate 30, as illustrated in FIG. 13. The anti-reflective layer 80 is designed to
reduce internal reflection of photons from the backside 32 of the substrate 30.
Examples of suitable materials for the anti-reflective layer 80 include the various
antireflective coatings such as, for example, a deposited antireflective coating
(DARC). Deposited antireflective coatings will typically comprise silicon and
nitrogen, and can, for instance, be comprised of silicon, nitrogen and optionally,
hydrogen. DARC's can alternatively comprise silicon, oxygen, and in some cases,
hydrogen. Other suitable materials for forming the anti-reflective layer 80 include a
layered structure of titanium nitride and aluminum, such as a stacked layer of

TiN/AYTiN. Another suitable material for the anti-reflective layer 80 includes TiOx.

20



illustrated in FIG 11. Lenses 70 may then be forned,

as shown in FIG 12, froma lens formng |ayer, for
wez@mpl®73 so that each | ens 70 overlies a pi xePCTEE1006/029299

28. Alternative constructions in which a lens 70

overlies nultiple pixel cells 28 are al so enconpassed

e b 55 G SRRt PR I Bl A G
reflecliif & Ja PR oReR e R e bska g s By gt
reﬂeeE?&%‘a%‘@%%gé et f%gy""%#tﬁ)éﬁﬁﬁ%%%&é‘ﬁ%\?hg%fab‘lf from
about s abwal o e dr b ERA o B SREE O RS A B v

used vvifth pi xel cells of other types of imagers as

or \ . :

ORI cor AR BRRpiron el @ SR 86 e SKEEHLRE oy kP oc

illustiafedtrIcTBGS ﬁmﬁgg%ﬁtﬁhlﬁ?lei' 83 a Jr RGN 1|§tore of

e | mager devi ces e’present invention may al so

man Fe?%ﬂ{'%ﬂat%?iaﬂ WhedheHsot P rARIAEH X8lch B3BLR ekamip®, Ge, SiGe,
exanpl e 1magers having arrays in the range of about

SiC, o -the TREAThE GhivkhEssATAHE aBSOIFRBARAYE! 8. shoWlT BE lar"]lge enough so

anti-reflective layer 80 is forned on the seco

as to ShHorBaH tBe IRfpHokehssedsingaheodth thassubstrded 3t Riéférably, Gae
13. The anti-reflective layer 80 is designed to reduce

absorptibaragdr 82eidsecthicmess frphotbmst 0.5 pm tdebdstdkging r&2raifly
the substrate 30. Exanples of suitable materials for

from tbeutahpin teedb@dta p@, ensepreéfrabhe frodealbdiet 2/pmi wuabout 5 pm.
antireflective coatings such as, for exanple, a
deposited antireflective coating (DARC). Deposited
alR072kf | JIG. 16 ilbwrrateqen ishagenacgprding Yo agagmdembodiment of
silicon and nitrogen, and can, for instance, be

the preserdringemtion ak p preewssingistagsgatpsegiens i thparoqpssing stage

s SRR 5 o B FPE S OB SEch R5 o
subs’q%ﬁ% g@{j i’hg a{)gcgrpfﬁ%rnr?a{)gr éé{] l%a?r%tei fblr'r%él % tah)\f' %uitgyf?armgt%rial which
absorbs IR radiation at the wavelength of between about 800 to about 1150 nm.
Preferably the absorption layer 84 is formed from Ge, S5iGe, SiC, or the like. Most
preferably, the absorption iayer 84 is formed from germanium, as germanijum for
these purposes can be deposited on the surface of the substrate 30 using the
standard vacuum deposition techniques. Preferably, the absorption layer 84 has a
thickness from about 0.5 pm to about 8 um, preferably from about 0.5 pm to about

3.5 pm.

[0073]  FIG. 16 illustrates an imager according to a third embodiment of
the present invention at a processing stage subsequent to the processing stage
illustrated in FIG. 12. The second surface 32 of the substrate is roughened to form a

roughened second surface 85. The roughened second surface 85 is formed by

21



| ayered structure of titaniumnitride and al um num
such as a stacked layer of TiNAI/Ti N Another
waeiovabloes material for the anti-reflective | ayRCT/B82006/029299
i ncl udes HX2. The thickness of the anti-reflective
| ayer 80 should be | arge enough so as to preclude

knowR Gnaifipd Sudbas AP ErBIe, RIS e PP TS peigies. In
AL R T SEAT S RN A S
ot S ESPateP i T S b 074

poist B G Sk LT B AN B R pbfmd
subst3f AR S KRBl h Sl R S5E Pl Bkt o
remo L S5RS3EnS RSB EIRR P BE UGB Bt
55, THL 08k 0P Rid0 oy et bl A pRRSLRL R, e
subs I P AN LA PRttty B RROH oS i dod o
the su%ﬁgg%ﬂgl/w [REQRCAPIREY isRBRANHEA th s BnfBe? Whtil the desired

iI'ment of the presenht invention at a processing

roughBbRISF theRo8gHENd §RohdQuPbes 85 B ftliciiedge il | ustrated
in FIG 12. "An absorption layer 84 is fornmed on a

second surface 32 of the substrate 30. The absorption

| [8974] 84 Fi@y1bilusamtmdniinagey asuirtialy © afteth emballiméent of

absorbs IR radiation at the wavel ength of between
the praseodin890idroatebprdcedsing) stage s@bssiqeenbto/theiproatasigpstigen

layer 84 is formed fromGe, SiGe SIC, or the Ilike. )
illustrtegtingiier 82.aBhg imaper Abswthericomprisgs at Bast eng Phaped grating

fromgermani um as germani um for these purposes can be
86 forgnedeut @ seromd susEace deiof de #bstage 3UpEIG. dVdllgsiratep sgvarpk

. Standard vacuum deposi tion techni ques.. Preferably, the

gratingg,§6r phe shaped SFatBsRacra ProfPrABHE disRsd At i agled ' dsrcond
surfactg %g%é sgbsq}:gte I%e tl"ﬁcre %ﬁége({ é&rgnagg %gtre uge T Jngogr?toolftﬂl

photons accumulating in the dark pixels by reflecting the photons away from the

dark pixels.

[0075]  The shaped gratings 86 can be formed by any chemical or
mechanical methods know in the art, such as, for example, chemical mechanical
polishing as described above. As discussed above, the polishing is selected to
provide controlled polishing selectivities to the surface so as to form the shaped
gratings 86 at the desired angle to reflect the IR radiation away from the dark pixels.
The shaped gratings 86 are preferably aligned at an angle 3 to a second surface 32 of
the substrate 30 where the angle B is preferably from about 10 to about 75 degrees,
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[0073] FIG 16 illustrates an inmager according to a

third enbodi nent of the present invention at a
wEe@ces®rng stage subsequent to the processi ngPGI/H§®06/029299
~illustrated in FIG 12. The second surface 32 of the

substrate is roughened to forma roughened second

surface 85. The roughened sl%cond surface 85 is for

d
more jpyefetalily fisrmabigutdd i alkouts§degxeaspmore prefgrably from about 35

mechani cal polishing techniques. In a typical chem cal
to abordddfigteds. pl anari zati on (CMP) process, the substrate
surface that is being polished is placed into contact

LR SRR s e
emboginer o iy BRI FoaBR g0l Rap A eV S SERETSNe

s S FAES SRS e e oL SRSt SR v
e s LTy 16 P RSB PPl 0
o G S S PP

A e S e e
contr(?‘l%\(;tfe{é1 ?{iﬁ%sg Aefod Q470D APt BRtroPbirbiB 750 S86 Qbﬂtrols the row

on-at a processing stage subsequent to the
and c?ftﬁﬁﬁ%ﬁiv’égcﬁlé yid,%@'r ated in FIG 12. The imager 20

urther conprisés at | east one shaped grating 86
formed on a second surface 32 of the substrate 30.

Fid87717 iA busipl@ars hoky eiralit Beddsodatedibwithithe sbhman driver
gratings 86 are preferably aligned at an angle b to a
760 reiBensixelrcbetatgdd \0fst ihé agpikdtimage sighal Veig onapledted pixels.
gratings 86 reduce the amount of | R photons ,
A diffeeentiallsigriah (Vist-Vdig) idankplifieddhys differentialeanphgen 72 for each
photons away fromthe dark pixels. [0075] The shaped
pixel gndtis digitiss! bpanbloghtordigitabgoneytes Aép{ARC) ol he analog-to-
mechani cal et hods know.in the art, such as, for
digitad xanpeser TRamppiies Hae digitieed pixe signals to an 1mage processor 780

which forms a digital image.

[0078]  If desired, the imager 20 may be combined with a processor, such
as a CPU, digital signal processor or microprocessor. The imager 20 and the
microprocessor may be formed in a single integrated circuit. An exemplary
processor system 400 using a CMOS imager having a filter array in accordance with
the present invention is illustrated in FIG. 19. A processor based system is
exemplary of a system having digital circuits which‘ could include CMOS or other
imager devices. Without being limiting, such a system could include a computer
system, camera system, scanner, machine vision system, vehicle navigation system,
video telephone, surveillance system, auto focus system, star tracker system, motion

detection system, image stabilization system and other image processing systems.
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pol i shing as descri bed above. As di scussed above, the

polishing is selected to provide controlled polishing
w@Eeigotdvities to the surface so as to form t heCHNS906029299

gratings 86 at the desired angle to reflect the IR

radi ati on away fromthe dark pixels. The shaped

RS AR MR E R
e S S GRS S e PRt RO PERUTL,
icroBf LS i 2 e a5 e s
152, i S Tt oL e S e T compute
oorS R i A RS aBE G R BCEAA b e,
pecio iS00 DSRG0S BT RRp e

156 o 1R B4 iy hAR A0Sl f Ul CROPLUAR e o 2.
The £188BY rd%%léz%% ‘t‘:h«?‘@ﬁ)’ ROM qgﬁ o flash Afnork 58 slies magéf,oéapmed
Cc ul a t

so controls e row and columm drfrver
by im&gér30. e it r&,@q]@] pE&QFaHIY CosARRMEd 808N 'i}&bgraﬁéd eitbhit, with
1 assocliated wth*the colum driver 760 reads a
or witPlol€ ndiRSHf siot£4Rahs Moy das@ibed withBeseet BNBIGS/2-0and 5-
for selected pixels. Adifferential signal (Vrst-Vsig)
17. is anplified by differential anplifier 762 for each
pi xel and is digitized by anal og-to-digital converter
775 (ADC). The anal og-todigital converter 775 supplies
t[0680] gi tWhild the elentionhak beew dascribedgs detait bsgumer8on with
_ Which forns a digital inmage. [0078] If desired, the
exemplany embpoimeptsdaayonbt thedtimet i sho reedily unglerstaed ghat the
) CPU, digital signal processor or mcroprocessor. The
inventiga genoblimitied te suchilisclsed cakasimenys. Jeathey, faeglinvgngion can
ingle integrated ci rleaietr'ofAn exenp

S| | ar o
be modified to incorporate any num variations, a?te%/ations, substitutions or
equivalent arrangements not heretofore described, but which are commensurate
with the spirit and scope of the invention. Accordingly, the invention is not to be

seen as limited by the foregoing description, but is only limited by the scope of the

appended claims.
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processor system 400 using a CMOS i nager having a
filter array in accordance with the present invention

wo g007/0k033 rated in FIG 19. A processor based BYBFUS2006/629299
exenplary of a system having digital circuits which
could include CMOS or other inmager devices. Wthout
being imting, such a syMgul d include a conputer
system canera system sc machi ne vi si on system
vehi cl e navi gati on system video tel ephone,

ot B R b e B Y AT D R G e

S stem and ot her image processing systens.[0079] As
Statesd§iown in FIG 19, an exenplary processor system 400,

for exanple, a canera generally conprises a central

proce sin&ﬁ uni t UZ‘ A44, e.qg., a mcroprocessor,

t hat torIAPCEEELCRPHR ™ i nput/output (1/0 device

446 over a bus 452. The inmager 20 al so comruni cates

e B SR Sl B 00
e 3 5, SRFAEI A ARAS SRR ST ol GoRg sty Vo
plxelc‘t'éﬁlg‘ag\uscfazgf\.(}(@{lﬁ%g SQeHOMHUNI cate with CPU 444 over

'oppy 'di sk 454, the CD ROM 456 or
flash nenory 458 stores inmages captured by imger 20.
Te{1ragbffﬁﬁﬁﬁed28n hSeBbif] SIENOGANSbibEtRE f@Srediicing the
intégrated circuit, with or without menory storage, as
amouRf &Mi SHeﬂe ffohegbinE&bﬂcﬁﬁnQa‘de Baekfb hid @ark and 5-
17. [0080] ilTe the invention has been described in
currerttgiizéll cells connect| on with exenpl ary enbodi ments known
at the time, it should be readily understood that the
[ nventl on | s not limted to such disclosed
enbp %Jrrh%[: rcﬁﬂ% Fé BMERY Rhet&R sQfd T%@k {d BatPreflective
|ncorpora e vari ations, alterations,
COam.%bstltutl ons or equival ent arrangenents not
retof ore described, but which are comensurate with
the spirit and scope of the invention. Accordingly,

t he | nveﬂ% PIRagI;eSJ’: aregct)rdth?g ?c? claim 2, wherein said anti-reflective coating is a

deposited anti-reflective coating.

4. The imager according to claim 2, wherein said anti-reflective coating is a

layered structure of titanium nitride and aluminum.

5, The imager according to claim 2, wherein said anti-reflective coating is a

formed from TiO:.

6. The imager according to claim 2, wherein said anti-reflective coating has

a thickness from about 0.1 um to about 5 um.
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seen as |limted by the foregoing description, but is
only limted by the scope of the appended
WEL@7s0C Al VS What is clainmed as new and desiPEHUS®0§E29299

protected by Letters Patent of the United States is:

1. An imager conprising: an array of pixel sensor

cells conprising a plurality of pixel cells forned at

a f1rst Eifimagereccerding o elaira 2, fanthensomprisiagag absorption layer

including ipagi ng pixel cells and dark current pixel
formegeqves saigantire efopRe on a second surface of said

substrate for reducing the anmount of light reflecting

fromsaid second surface back to said dark current

pi x@! celhsimazer HeoldiRg S claff ¥ UiHdeihGatd abdBrption layer absorbs
wherein said layer is an anti-reflective coating. 3.

IR radldtéon apherwaedeigthng Heowedrahlbowt 8000 ebous 2180 nm.
~anti-reflective coating is a deposited anti-reflective

coating. 4. The imager according to claimllwherein
said antj,-reflective coating.is a.l aver ruct.ure of .
e S anti s arREle s 7 PeRR R 20BN oy
. . . , et Ly . e
formefireadhilefly Bl el bl Erdiony S GESiGEnde.
wherein said anti-reflective coating has a thickness
fromabout 0.1 mmto about 5 nmm 7. The inmager
actdr di nhe isnagesiaerardingta elaim donherainsgichabsgppbeplayss has a
.. layer fornmed over said anti-reflective coating. 8. The
thicknepggem aRAB PO APt §iHN7, wherei n sai d absorpti on
| ayer absorbs
11, The imager according to claim 1, wherein said layer is an absorption

layer.

12. The imager according to claim 11, wherein said absorption layer absorbs

IR radiation at the wavelength of between about 800 to about 1150 nm.

13. The imager according to claim 12, wherein said absorption layer is

formed from materials selected from the group consisting of Ge, SiGe, and SiC.

14. The imager according to claim 12, wherein said absorption layer is

formed of germanium.

15. The imager according to claim 14, wherein said absorption layer has a

thickness from about 2 pum to about 5 pm.

16.  Animager comprising:
a'substrate having a first surface and a second surface; and
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IR radiation at the wavel ength of between about 800 to

about 1150 nm 9. The imager according to claim?7,
wob@reivrsai d absorption layer is forned from PEL/E81086/629299

selected fromthe group consisting of Ge, SiCGe, and

SiC. 10. The imager according to claim7, wherein said

absorptign |l ayer has_a thickpess {r

aparay ofpixel sensep sellseaprisiiest A %Ef?w%q?ﬂ%%?ﬁewf&?md ata
st siaoal ot SR Bhes B LE el B o

| ayer aﬁs.or bs IR radiation at the wavel ength of
currerddiielesellébout 800 to about 1150 nm 13. The i mager
according to claim 12, wherein said absorption |ayer

SR GPORP o L SAad AR o scin
the aq?é&l?tggf:}%t Eggflegclg?l:g?ﬁ%%\;ﬁa\{@ gc_gce : es%?ﬁ%a g?glg '(E:cg %érig,irl#é‘ﬁ%(zg{rent pixel

claim 14, wherein said absorption |ayer has a
*thickness fromabout 2 nmto about 5 mm 16. An inmger
conprising: a substrate having a first surface and a
second surface; andan array of pixel sensoy cells .
colpri si Fae inagerrsronding to glaim|16c whezeip éﬂﬁ%ﬂﬂgﬂe%@br%wm
. first surface of a substrate, said pixel cells
include perpinsdculpprughepings cells and dark current pixel
cells; wherein said second surface has surface
abrasions formed therein for reducing the anount of
li gt refhemhagg deeordingis candbpwherdineeaicdaokadeabsadions
dark current pixel cells. 17. The inmager according to
includé shapebgrattngs ébmmadtleereim. f ace abr asi ons

cells

19. The imager according to claim 18, wherein said shaped gratings are

formed at an angle of from about 10 to about 75 degrees to said second surface.

20. The imager according to claim 18, wherein said shaped gratings are

formed at an angle of from about 20 to about 55 degrees to said second surface.

21. An imager comprising;:

an array of pixel sensor cells comprising a plurality of active pixel cells and
dark current pixel cells formed at a first surface of a substrate, wherein said active
pixel cells and said dark current pixel cells are separated in said substrate by a

predetermined distance.

22, The imager according to claim 21, wherein said distance is calculated

by the following formula:

2D tan(ax)
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i ncl ude perpendi cul ar rougheni ngs. 18. The i nager
according to claim 16, wherein said surface abrasions

w0 proo®7shaped gratings formed therein. 19. TPET/USNGE029299
according to claim 18, wherein said shaped gratings
are fornmed at an angle of fromabout 10 to about 75

degrees to_sajd second surface. 20. The inager
asthare Dhis the thicknaseis Salghuratiate and sk pe H‘agﬁ“&flifh@%le of the
are forned at gn angl e of from about 20 to about 55

IR radigjoudnta epid srBstaféond surface. 21. An i mager

conprising: an array of pixel sensor cells conprising
a plurality of active pixel cells and dark current

pi 8l celihg ihfiger dedidihgf torddin 22, ffaehep tompsishst aratlesorption
wherein said active pixel cells and said dark current

layer@bfibd ©%kt Saidldurk padlabed shid sepagatiotbdistaice. by a
predet erm ned di stance. 22. The inager according to
claim 21, wherein said distance is calculated by the

t niAdnes Shsrneheerde ARl 2% S ot it MBsorptiongryer s
ror 50 o8 2R T, DA 51 83, SR amd i

absorption | ayer fornmed over said dark pixels and said
separation distance. 24. The inmager according to claim
23 25nher dihe iBHger agsding t@rclmafy%-?, fugthep comgrigig non-
materi al s selected fr the group consisting of GCe,
transgpigit lagey foymed pyer Wg%ﬁ%@&o@éﬁ%‘iﬁ ding to claim 23,
further conprising a nontransparent |ayer forned over
sai d absorption layer. 26. The inager according to
cl @6m 25 Thatiatagien as@irdingan-daian2farberein saidmonstransparent layer is

formed from a metal.

27. The imager according to claim 26, wherein said metal is selected from

the group consisting of tungsten and aluminum.

28. A processor system comprising:

an array of pixel sensor cells comprising a plurality of pixel cells formed at a
first surface of a substrate, said pixel cells including imaging pixel cells and dark

current pixel cells; and

a layer formed on a second surface of said substrate for reducing the amount

of light reflecting from said second surface back to said dark current pixel cells; and

a processor for receiving and processing data representing the image.

29. The processor system according to claim 28, wherein said arrays and
said processor are formed on a single substrate.
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formed froma netal. 27. The inmager according to claim
26, wherein said netal is selected fromthe group
weongiostorng of tungsten and al um num 28. A prPCEBESING/029299
system conprising: an array of pixel sensor cells
conprising a plurality of pixel cells forned at a
first surface of a substrate, said pixel cells )
i ndOudi ndhepagresgopsyatemasrotsling tp daim 28uwiheneingaicelayer is an
.cells; and a |ayer forned on a second surface of said
anﬂﬂ@ﬁ@@??%ﬁQ@“P@r reduci ng the anmount of |ight reflecting
fromsaid second surface back to said dark current
pi xel cells; and a processor for receiving and
pPr @aessi Mhe §abeesbEPSRIGAcAE dife td BER -302RerelhSaid anti-reflective
processor system according to claim 28, wherein said
coaﬁﬂ@ﬁ@ﬂﬂe?ﬁﬁteﬁﬁbﬂﬁﬁl@@&ﬁé@cﬁatﬁfge formed on a single
substrate. 30. The processor system according to claim
28, wherein said layer is an anti-reflective coating.

<2 ant TRREroRePoL B GHARRG EhEE B dafip S lorein o8 frefective
coatiff sl GBS G Tyl iR B ERR B Tl e

coating is a layered structure of titaniumnitride and
al um num 33. The processor system according to claim
30 33wher &ha psesasseindystenafrerdingtadaim 3, whetein saideanti-reflective
fromTi Ch.. 34. The processor system according to claim '
coatingis afesmerdrem HOz2nager further conprises an
absorption |ayer forned over said anti-reflective
coating. 35. The processor systemaccording to claim

34 34wher The psadeds teph iaocortiyeto @b BbswhBrdiadhil intiger
at the wavel ength of between about 800 to about 1150
furthermmemprises an absorption layer formed over said anti-reflective coating.

35. The processor system according to claim 34, wherein said absorption

layer absorbs IR radiation at the wavelength of between about 800 to about 1150 nm.

36. The processor system according to claim 35, wherein said absorption
layer is formed from materials selected from the group consisting of Ge, SiGe, and

SiC.

37. The processor system according to claim 28, wherein said layer is an
absorption layer.
38. The processor system according to claim 37, wherein said absorption

layer absorbs IR radiation at the wavelength of between about 800 to about 1150 nm.

29



36. The processor system according to claim 35,
wherein said absorption layer is forned fromnmaterials
w@edoeo1®d from t he group consisting of Ge, Si GCT/EHSH06/029299
Si C. 37. The processor system according to claim28,
wherein said |ayer is an absorption |layer. 38. The
processor system according to claim37, wherein said .
ab$8r pt i Ghe prgeasseisystam ar@rding ta ¢laiamn 37, Wherein said absorption
wavel engt h of between about 800 to about 1150 ran. 39.
layer thtorpreddsemanateyiaisnlented fromm the ropP-ARSHHNg Rfp@iSiGe, and
. said absorption layer is formed frommaterials
SiC. sel ected fromthe group consisting of Ge, SiGe, and
Si C. 40. A processor system conprising: a substrate
having a first surface and a second surface; an array
of 49i x& PESRSHOF SFHRPSCIBREANS ng a plurality of pixel
cells fornmed at a first surface of a substrate, said
pi xe] cells including |nmagi i xel cells and dark
caspbsiratgihaging a first s %nga%s%mn 8BBAE'sur f ace has
surface abrasions fornmed therein for reducing the

N T
ot g F LR O BRSSO 0 ABEAAEBLAN gk

Currewpﬁgﬁgi&lﬁsai d arrays and said processor are fornmed on a
sThg

e Substrate. 42. The processor system accordi ng
to claim40, wherein said surface abrasions include

PeriReGHi Gt alcohQUdhaRk RES suddce AIBsBHY E6SRE tIRASHPIOr bducing
claim 40, wherein said surface abrasions

the amount of light reflecting from said second surface back to said dark current pixel

cells; and

a processor for receiving and processing data representing the image.

41. The processor system according to claim 40, wherein said arrays and

said processor are formed on a single substrate.

42, The processor system according to claim 40, wherein said surface

abrasions include perpendicular roughenings.

43. The processor system of claim 40, wherein said surface abrasions

- include shaped gratings formed therein.

44, The processor system according to claim 43, wherein said shaped
gratings are formed at an angle of from about 10 to about 75 degrees to said second

surface.
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i ncl ude shaped gratings forned therein. 44. The
processor system according to claim43, wherein said
W@ bapetogy at i ngs are fornmed at an angl e of fr oPCHDS2006/029299
10 to about 75 degrees to said second surface.45. The
processor system according to claim43, wherein said
ed gratings are forned at, an angl e, of from ah

sha
35460 abBhe prwesrey satem aceosdingdeclain €4 Mlé%réﬂuwg,lékaped
rocessor temconprising: an arra i xel sensor
graﬁn%élaufg fczr@mdf %/éarh@%le g fromm. p§9uf035 @bl 2% i@%lgf(eeéég |S§fdg#ﬁ90nd

. dark pixel cells forned at a first surface of a
sutfacgupstrat e, wherein said active pi xel cells and said
dark pixel cells are separated in said substrate by a
predet erm ned di stance; and a processor for receivVving

and peoCcAssrongsopstEamoagRidihgg t he i mage. 47. The
processor system of claim46, wherein said arrays and

sai d processor are forned on a single substrate. 48.
Thie apfagas g seysirenilacampdising 4 plublitynof4ctivelpixelicells and
said distance is calculated by the follow ng fornmula:

dark gixBl tells(feymadiat e filstissirface of hisukstzate, whetrin daishativiegrinel cells
and a is the maxi mumangle of the IR radiation into

and ssidi dark piselrcatle ares@pamited pn saidswbstraisshiearpsedaleaningd; distance;
claim46, further conprising an absorption | ayer

and fornmed over said dark pixels and said separation
di stance. 50. The processor system according to claim

49, further conprising a non-transparent | ayer forned
0% PEOCOSPRF 19K Seping ﬁnaagrgﬁesgmg &@tﬁé?ﬂ’@ée%‘?ng E%Ja‘%@e-

image artifacts in an imgi ng device, said
47. The processor system of claim 46, wherein said arrays and said

-processor are formed on a single substrate.

48. The processor system according to claim 47, wherein said distance is

calculated by the following formula:

2-D - tan(ar)

where D is the thickness of said substrate and a is the maximum angle of the

IR radiation into said substrate.

49. The processor system according to claim 46, further comprising an

absorption layer formed over said dark pixels and said separation distance.

50. The processor system according to claim 49, further comprising a

non-transparent layer formed over said absorption layer.
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nmet hod conprising the steps of: mnimzing the anmount
of IR radiation that penetrates the substrate of the
wo pgiory7zievi ce and reflects to dark pixels i nPGHUS2006/029299
i magi ng device to reduce image artifacts in said
i mager. 52. The nethod according to claim51, wherein
IR g@di atjon is.menimzed. b rovi di ng _an i magi . .
suBSE o o Alu/hig e Al e D i s R frimagiir device, said
| S Lural ity of pixel cells fornmed at a
meﬂq%la@%ﬁéﬂﬁggg?élBS%Pgogu%st rate; an anti-reflective
coating forned on a second surface of said substrate
and an absorption layer fornmed over said
amunimigingdhe amawdiof By radiatiom lisatrpsiett tescthesdbsigateaf the
) claimb51, wherein IR radiation is mnimzed by
imaggdedre gnd meflesis tondakupizels an eaidadviaging desicedy reduce image
.. pixel sensor cells conmprising a plurality of pixel
artifags| insaichiR@gRrat a first surface of a substrate and an
absorption layer formed on a second surface of said
substrate. 54. The nethod according to claimb51,
whes2ei n - ITRefmeihaidl RBoidngtA\EIEIA 89, WheRsiATRGLAHRN is minimized
substrate having a first surface and a second surface
by prewiding andmaging bulpsticeé haGngain Lehy 5f PINEDEérioR delds com;rarising a
plurality of pixel cells forned at a first surface o
pluraditys appixehtdls fowediab asabibietrond asubbaat; Basntieflagdve coating
abrasions formed therein. 55. The nethod according to
formed an mssdondwrerfacaofsaidi sishatfate end anadisonstiormblyet formed over
., perpendicul ar rougheni ngs, 56. The nmethod according to
said agtihraflesye gpating.n sai d surface abrasions are formed by
CWP. 57. The nethod according to claimb54, wherein said
surface abrasions include shaped gratings forned
thepei n. Th8 mdthed EREdrdsh @k @hith BY, Whefdif IR 2diatiH % fliflimized
IR radiation is mnimzed
by providing an imaging substrate having an array of pixel sensor cells comprising a

plurality of pixel cells formed at a first surface of a substrate and an absorption layer

formed on a second surface of said substrate.

54. The method according to claim 51, wherein IR radiation is minimized
by providing a substrate having a first surface and a second surface with an array of
pixel sensor cells comprising a plurality of pixel cells formed at a first surface of a

substrate; wherein said second surface has surface abrasions formed therein.

55. The method according to claim 54, wherein said surface abrasions

include perpendicular roughenings.

56. The method according to claim 55, wheréin said surface abrasions are

formed by CMP.
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by providing an i mager having an array of pixel sensor

cells conprising a plurality of active pixel cells and
waelaook/opioxel cells forned at a first surface ofP@EI/US2006/029299

substrate, wherein said active pixel cells and said

dark pixel cells are separated in said substrate by a

0l &7m soingAod s §‘”‘%§%5f2q %}%%a S RO FER e figasions
D h hi ck
mdué?sil AL SR Bnaf b ) o hend mam angl @ of (he IR

radi ation into said subst rate.
58.  The method according to claim 51, wherein IR radiation is minimized

by providing an imager having an array of pixel sensor cells comprising a plurality of
active pixel cells and dark pixel cells formed at a first surface of a substrate, wherein
said active pixel cells and said dark pixel cells are separated in said substrate by a

predetermined distance.

59.  The method according to claim 58, wherein said distance is calculated

by the following formula:
2-D - tan(a)

where D is the thickness of said substrate and «a is the maximum angle of the

IR radiation into said substrate.
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